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SrR-Wt-SiSSi*^^^. 5>J**J*LT2#:5g^ h y 

tfJSBSW^WiSt^i: LT, *frfcfcKIMt#ASA:*>3ix 
wOSIWatSfiPl^ro^-cioffS:, «J|/«e5«afctf>ii#lllj 

su tetsji « s n# m h mm k & s 5 £ a# 

1:2: : 2 <s-D { g tt]EWS*5c} 

-CfcSr 4r4rW«fci:-r«BI*qilia<Rro22k7E^ ^ 

[tsfcqts] mriafTiSW^MSrr, iifjfsis«5coF B iisi 
w t zw&ki-zmxm 1 *fcHt 2 mm<D 2 h v 
[it*«4] tffSEiBSsaws, x%;mnt, ^mtm^ 

HH*«SrJE»r, »rr5>[H]Bgi: A^lSSHtv^ r i 
l a»e> 3 v-fti^ 1 ^tattw 2 

*5 , 3M£ A ^SH* 4r ^ tf Iff ^ * ti fc fc T' fc 5 ~ 

££#t8iih3M*^4f2ttro2&5t-7 h 9#xW2m 
[ 111*117] flfr1E3£3Eai4lt«Sr3E«f, 5 IhIK 



©r-fos r £ ^-rsff**! i a>b 7 vvrtta* i qt 

y-fe^^^a^'S-S^ t «r#SS:t-rsif*^l^6> 7 
[fBUloflMli&KBli] 

[0 0 0 1] 

?7-*K, x^l-c/UUy-fe^f, LED 
[0 0 0 2] 

[0 0 0 3] — «W*»3toSr*4: LT!*, U— ^jfeSK 

^, *fctt2?fc7c-^ h V ? xmyt^mmf-zmrnvtcm 
9. asiSBttasprie-cfcs. «#»*ffi»3t»^-efo 9 . 

2 ^tc^- h y ^ xSl^t^li^^ (4, Sg«jm^-{-^C-C5t 
fi!4L.T2^5t-7 hy ^X^(Cg3g$tlT^5t>CD-X;-& 

[00 0 4] rrofflro^lBJ3fc^W*^«>— oi^ Sffcfe 

ffi sr^^-r 5 mmi$ *m x.x ta 5 *> <n h fix ^ z> „ 
[0005] t^?>x\ r»aco^ra*«^?-ic*3^ 
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<H#5fci6(;:i4, *^OTIB^SSc££<-i-5i&gj$szfc3o 
[0006] :<oijfr|fti5>e), hmsSot^x^^'-t 

0g§ (itMOS-FET) tJlffllEKia^ (±(Ctr51 
^ff-e-fltSLlcflUSSti, H§R[§]!&±«BI-K#t«ffi* 

h y ^^a?Sft*^!ii»tift*a^ sunn 

[0 0 0 7] — 7^f-f7Vh^ ^iy^ifa^^ 

J4, ^©isSil/S^tt (^#a#W«'® B B B ^«i^ H B B ^OT 
-T5*JE, jaitfiaSfciffcftStf*, s~ 100 ;j s 
m*r*fes) 7*y i^-SBffl^SttSS^i: l-c 

[0 0 0 8] L*»U a»«tt»ftli— »Wtw2«©ge 
mm&2 5 6a&&KttH1fc, «AHt7A'*9— 

So 

[0009] — -e, amm&t&sk&ft&muizm^it 

tBL<RHt4. 
[0010] 2 #:5^ h y * ^SJtSEWIiSt^WflHg 
El 1 i4, £ waoffilSI*^ WSR^ <oli3Bffi«»rBB0-^* 

¥3*#£«10±l;:i4, n-MOS-FETllitffl^ 
SCstg 12*5ff^^tLTV^5 0 n-MOS-FETll(ln 

5, *>4tf poly-S ili9*5y- hmfil6A»&«fjA 

IMUKlB, *34^ poly-S i g!l9T?*J*Sft-CVS. 
[OOlUSfc, £lJSMil6ftIB20*:fl-L-CJ6lJiA 

22^4 ?>, y-^^igcl4tmWSffi^*Cstg 12<D pol 
y-S i Hl9i^S»^tuT^5o *^KH'>'ffi«El3K 

»6»K24«r^-LTiiiKl«ffi (S2IAI) 25#»J*£ 

n, y— ^.m®22t^gc$tiT^s 0 

[0 0 12] H*««25±J::ttEfttt26a*JBJ*£ivO* 



5„ *tlPlJ8WSS27«>^-«fcH[ I TO*»e>*Sit 

faS^*am«28?$sffM£;fv s bic^c7>±(rga^ii29 

^fifi^itT^So ±IE2o<7>£«10, 27(4, b — 

[0013] ii 2 (4, mi co^m^tmmmT-^mm^'D 

mm^X'h^. El*<OiI9, n-MOS-FETllCV 

-xms22tm^*^*cstg 12^-*, fc4^iB* 

«ffi25dsgf!ffi$ixr^5. «4Kf«l*£fiCstg 12»ffi^ 
H:*^ aJWRiO v K«{£Vsst;:8Ha3*x-c^.5 0 *fc 
i)^«S25i:, £ffil£26, 29, 3fiR«tt?KS30*Sj:Ut» 

[0014] -f, ii^7yKtfiv S s^Sic 

n-MOS -F ETll©y— hmil*J3E*Vg , Kl/-f> 

m«i«£ESrvd , y-^^mj±srvs , n^mm^m 

*§mi±£vi£ BB jfmjE v i c t -r & . 
[0015] Q.m%m.mm=Fff>m*mit 

lrossrr^a^StKttl^ffiJt^-A^T'y (pb 
S) 2S:iaS-r§o ytM3frb<Offi*P b s 2 k 4 9 s 

«*tt**s#t*n, ffiiRjjtsEii*^ 1 «>*j-i*]aw*«27 

25fc4«3&#f£;fx, SJ^bbJI SriloTPB S 2 ClA&f 

[0016] SfcE14i4, NC<£m%£IUIt?a>£* 
ifr^tsfc*©, «Ea*«Evici:«ftEiRite« 

IttSpl^ItStcttS. jfltSS*JEvicds-v 

lcs »i ^^,r B ia[S]^[S]^AM{ijt$ft«h-S(L,. m&m 
mitvic^vics <Db%m&mfa%ft&x&miytmifrtb 

HElS]*lRl!iSAl*ai3ttt*»&45S»t£«©i:#3fa©ttl 

[0017] ^9i--5ri:(r4i5, tb^J5ti4fi$ B 3 B SmJE 
Vlc^-Vlcs ©tfOFFt40, Vies ©i#ON 

[0018] mem 5 }4, IH 1 ~ 4 T?BtK Lfc«/*{Cfe 

■T, n-MOS-FETll«Si»iitt«B<!:'i5J;5t-y-h 

S«/EVd ^Vd(on) tfSt, iS*m/EVs (4S&Vd 
(on) ^riO^tCn-MOS-FETIl^^ii^ 

ffit/4?>4 ?\z.y- vmmn&vg *+^{&^v g offir 

LTt, ®^«i±Vs (4m?t^ffi^*Cstg ^ir^AJl 
^*Clc(c4 t)S&Vd(on) &«Sft5o LfcASot-© 

mm cHs<o(a) ) o^ B B B jimffivici4, vi c = cvd 
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(on) - Vcom ) fcfc5„ 

[0 0 1 9] n-MOS-FETlliiil^gt/f 
5i5i:y-htStEVg «r+#HK<U BUSK K 
H'^tllEVd &V&{off}\z-rz>t. IlIEVs 
f4H&Vd(off) t ^5. ^GDfltrn-MO S — F E Tll^ 

tt, lB^»£EVs t±«ffi*«l«*Cstg &ffi£S&ft 
Clcicj; 9BS-Vd(off)Srf%»i-5. Lfci'ot:»* 
(I4©(b) ) (i*i!t5jffiAS«JEV lcf4»&Vlc = (V 
ri (off) -Vcom ) i&S, 

[0020] - r -e*|-rEi]#iifl:ffi*ffivcom * 

Vcom = (Vd(on) +Vd(off)) /2 
^b b bJ1®F£V1c(S. 

(a) SBF^ : Vlc= (Vd(on) -Vd(off)) / 2 

(b) ffl5fl : V.lc=- (Vd(on) -Vd(off)) / 2 

(a)»IKU (b)MM«5JKfiH«JEV 
lcdS#*Vlcs £Lh, -Vies «T!-&£ i 5l;Vd(o 
n) , VdCoffl&St^Si:, tb^ ON. OF 

[0 0 2 1] fc*5, HISKttii-MOS-FETlI©*4 
*I*»»HKi!l, WA»«EVlctt (a ) JRIHIi: 
(b ) i^if^ftt^St^^fcSii^ sWSWfc 

[0 0 2 2] H 5 COTr !±'J^mf±^H i (73Jt^ 

Ht. »M«EVlc*:«MI©ftflMtEEVlcs <*fcf4- 

vics ) ic-rswi-^^m^^^^^^, ±se* 

[0023] Qwyt^mm^ 2 s^s-^ h u ? ^-pB)^ 
ft 

«* [Vgl, Vg2 , Vgn] (iioT#*{filJ®$n 

*K B«fS-9-K»lHllftroa^J-eifo5iiiilft«^- [Vdl, v 

d2 Vdm] liiot#4f-^iSM^ti5. 

[0 0 2 4] ®6C0^«lH]Sgr'^$ixSm?lJX n 



8Si4, n^-ov-y ^>-a«i-ffM$ttT^5o 

[0025] [27(4, |6 WlHlSSfCjoftS 2 h y 

[0 0 2 6] a) lff@<75®*fC#£iA£p®fem-§-^ 
lS^{f-^iE»l[I!SStDm^ [VdK Vd2 , Vdm] 

MOS-FETiSili/^Vgon U A&©?tS 

«flr*sr**iifcjicavgoffK+6. r©B#iffi©i 
3Bttffij-#*<oiiifliifi*«£Easepj!«]Six«. ^w&vgi 

SrMOS-FET^^iii:>S€)Vgofff-L,-rfc, iB^ 

[0027] b) 2tf seti^'biRi^ro^— fr^xx-m®. 

Tt5t. i®i5»roiiii««#ro*ji^^T-*-s. L 
fcASoT. liiiS^ (nfr) »li«m#ro#ji^|iBT 

f f4. n X r <t&5„ 

[0028] myt~>^j^comm 

[0 0 2 9] 4-f, 3te«3»>fe«)Jt(4*3tevV^4T?* 

-3t^n> pb s 2 (iA*t-r5= -©3fe©5*>s{g3ts£;as 
pb s 2X'fcftztix. znKTt-? v y **xfflnij3fcaawi 

*^ 1 o*HSj3WStRffl|tr A*t-f"5. Aft LfcttttiKII 

BS2icAM-T5. 0 reot#, K«*0>P«*S©*#s 
ttS^fti: LTPB S 2£igi§U S»i/yX6l:j:ot 

«3t*m'7 ±xmm-tz>„ 7 l;gft5 2 

l]^m^*»®8^J;oT2^5E,-r h 

*47C93tS(40F F bt£Z>* 
[0 0 3 0] Ei9f4. mtfttm7icttirZ>m%;<ni/-'r 

v-^ .y * — 5 *PflCT*5<„ *©[ai^iB!3t«-!H- 7 
^'yif-5^m<. r©i^tti^3t(4^ffiOFF-t:-fo 

So 

[0031] - <D^mx-mmm^m±mm 8 ^ «t 19 2 * 
tc-^ h y xfx&mttt&m^ 1 — ifT@^^ni#t® 

«^-*»* (Vd(on) *fcttVd(off)) 
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&fttZ. lffa*»&*»«>nffl*-C«)»ii*l*IBH: 

f?y i ?r i ^ ^ b m?> % & o f f d -r a ft v d (of f ) 

«^-?r»f iitfo *^nfrS(CVd(off)<?5ft#S:S# 
i&tfi:. «3t*tJ|s|-7^wat3tSBiail4llilT-f*. r©«fc: 

[oo3 2] ±m<Dm^>-5->*iz.£z, t. «%tm 
7^a>»3ten*iWTe i*, #a^-#^^^^fciii^m^- 

/JSON^t £n zX'fo<0, OFFOi#1fn-Cfo5 0 i 
fc, iroMtM^^riTo fi 2 n r fife 5. 

[o o 3 3] -r ifTO#ii*Nfi«sr r t-rs 

Toli2nTtfel ^WB#»ig3tW^7--(OSitB#ra 
Te (in t SifcSHPsTTo i4v"irs>* — 

[0034] ^mmmitcnmw 
im*mttT*fc o , mmmrmmt^ (±*>6W(cvgi, 

V g 2, , Vgn) Sr^LTPS, r<D[gH;:*JVTll 

V (OFF#ii#0 
U tT«»«#fcJ:or»RS*bSOFF»ii*ff®? 

[0 0 3 5] flftJzKroJ: 5/«c2ffl[«)3t«W*^*rftfflLT 

k\zLX.z&m*u3t&tot>nx^z> a mi n*, 

[0 0 3 6] i [s]OT*ffiB#^fin t r*fescor% -iico 
v-^y^ia5i»iTo H8nit45. mi 2 

■To **Sw©H-CJ±, ltTero^J^r^LT^So 

[0 0 3 7] ®p [o] ro0ijT-(4, iniB*»e>7iaa* 

F F t <£ 0 , c0K3tB#Wi4-^o £ ft 

5 0 KM [5] O^ijT-ii, 101A»6>5iaB*T?»j^E 
T^TON^#tiA*. 6 0@t7(ll@(O^taOF 

f r ro^m, tU^3fe»^W^l— <Dm%V% 

Pel 12 5 n t P&P [7] ©Wt'li, l|H]|i>?>7 



[0 0 3 8] 

ilf^2« (g = l, 2, 3, ) 

t, BJtJBMTo fi. 

To = 2« n t [sec 3 (1) 

»H&0**fcJfci:T*3fc3«raTo ii*L<« 
<fcS. rot 5 fc^»WStt#S;H:, Mii»3t*^K 

[0 0 3 9] *«^tt±SB«>*«^e^T/j:$ixfcfc© 
1* i- 5 - 4: * m ft £ f 5 1> « r- *> 5 „ 

[00 4 0] 

[!S£«:fl?ife-r5fc«>©#»] #»8U::.fc5 2 Jfc5c^ h 

. mytytzmytumicmM vxmmyttfnz&m'mt&yt a 
•frs, 2«fcjc-^ by * xw&myt&fflmttm^ti&m 

ifeS «: £ fc ffl £ S *&<*>?T a » & » l^fflKiotl 
[00 4 1] <c*>±lE*fBcro^rai»]BStt,' 2 ©^itftjij 

1:2: : 2(8-') { g fSIEWMgfc} 

[00 4 2] *fc v ±ffifT il^cOB#P H 14- r » ±IS«mw 

ppi^^g t Lfct ffmiR<Dm*mmt-± g. r t-rs 

[0 0 4 3] -*T2&5£-^ h y ^^MaSHBit^WiR^i: 
10 0 4 4] *r«e>J:5K:-r5»g\ ?e^P«ffi&S0f. 
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[0 0 4 6] 

rti^t^, 3fe*l3ilS*s/>/ <c <-tt|igf»ltftS:?fl6H6<I^*i 
[0 0 4 7] 

jus ( c ± 5 ^ pgsi m % m *s ft s * & x © * 

[0 0 4 8] rr-c, SM3t3CW*^-<fc LTii^Jxiigl 
l fc:ipu;fc.fc3ifct><o, *<nmnm&k LXtemeic* 

5 fcfctofcJfcivesh^iJffl-t- 5 £ k T?# -5. 
[0 04 9] 113 U:*5V>T, ^IftO^feM(a) . (b) 

, (c) hMHt-r— ^•iMf^^ s >-i/7^ yt 
«ii*(a) -*Hilft7 f -**&*(b) -^Si*?*-**** 

(c) ^OFFf#ii*(a) roBBS^/i^nS. 
[0 0 5 0] SiTf, ^*tD^^-r 5 V^7-r>(a) 
5 >j/7-f >(b)K>l^liBrailS:Tab, 

^7-fv(c) WB*lfflWH8S:Tbc, ^S»M?-i'?>'y 

Pi^Tcair-TSi, ^ttfeCDtb^Tab : Tbc : Tca = 
1:2: 4l^^t5„ JMWJi-ttTab : Tbc : Tca = 
{3/7 ) n r : (6/7 ) z : (32/7) n z Cg^tS. 

jfe3lE-e. 8^ (2 3 F£Bi) wartt&fi 1 * 5 

[0 0 5 1] &*5, |Sl^{i*«^»#ftii**aE 

tt, M?-f5y^7-1 , >(a) „ (b) , (c) «£oT?T 
4^Ja5fTWf^(0^^?y^li- ffllH(A) . (B) . 
(C) lz&*m<0 mxtbti, r.fU~ J; Vfe&fyf 5 
>T >-»a«-T5i: ^^5«»3ffl(A) , (B) , (C) X'&fftm 

[0 0 5 2] Jfcil 4 3oJ;t>'l 5(2, Ell 3^<Dm%\ 



tl tB#giJt2 iCioltS. fT»««*#-T 5>^t*iE 

^-r 5 v^7-r >i:©iiM*Ltv^„ mi4cogi3t 

BHttitffcroR&el t 1 T-tt, t^?^7-f>(a) 
tot Iff Ba*blEK»#ii*£*a s fffc:b*lS. 

ix5tTiI}R<Djl#!«:3 r tc/j:3 0 ffi^(B) , (C) T-iii* 

[0 0 5 3] m 1 5toaf^iJ t2 T-Mt, ^ffi^-T 5 

Vi/^^a) . (b) , (c) ^IlLTV^^, 

r-ttS8^(A) ■?ffia#iasf?j5t:bn, it^^?y^7-f 

>(b) T-ttJ«ra(B) T'ffigiR^ff&^tu *3SE^-f5>- 
^^(c) T-{*«Pfl(C) -etf«R**ff*fo*u5. 

3 e (d&So 

[0 0 5 4] ^Cti 1 6 (3, El 1 3 (C^ Lfc^Pgp^t 
#ffi(C£5aj;>j}fc(7>f?iJ-C*£>5o r<7>lf-a\ Tab: Tbc: 
Tca=(3/7) n r : (6/7) n r : (12/7) n r (= 1 : 

2:4) tfe5©t\ 2 s =smmcr>mit^f£.b Zk 

[0 0 5 5] *-*\ lfTB<o«K:oi^Tl&9I-rs. HHRI 
[0] CDifte, BHfc^-^S^i^jfee*^ 5 V^y 
-O'(a) , (b) , (c) iCiSf^Mf-^?:, 4tO 
FFiCtS, 10ie«tBMl±itOFFi^!). S)fc 

H«fe^-^»#ii*jtaE^^ 5>^9^V(a) . (b). 
(c) td^S^tiA^x — ?&3-*ON, OFF, ON(C 

^OS*tU^5¥:!*Tab+ Tca©WON t * 0 , 
<BJtW«— 0?Jt3t^rWtt(15/7)n r t/jiS. HrR [7] 

(a) » (b) % (c)ia5ftMf-^^tONCt 
5,, ZCS*tiiMliTab+Tba+Tca»^ONi:i 

[0 0 5 6] rcoi^fCU-t, PgP^/l^t^it^— 

is^k®mm^mftmmt^m^£ig>m s Mmx.& 

[0 0 5 7] £il±»aD*»WfcJ:5fc, 8Ki©f)fe 
^FbITo lientt'^, l(f3*L*:«3le*«fe«>«ftjaiB 

8 n t i o**t«3t-e#a. 

[0058] z-x*mw<n^mmmx.ftm^£z>k, 

^^S^'f 5 ^7=7 4 >-(Dfflmktn 1 : 2 : 4 : 

••• : 2tg->> { giijEtOfigSc) t^5<, ^fc^g-^S^-Y 
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[0059] To = 2 g n r [sec ] (2) 

[ftft] r=2Q/zs 



Pal To rojttSCT^L.-r^s,, 

[0 0 6 0] 
[3E1 ] 





2040 


2044 


2046 


2047 


4095 




2 8 = 256 


2 9 =512 


2 10 = 1024 ■ 


2 11 = 2048 


2 12 =4096 


BftlfllfflTo [sec] 


10.44 


20.93 


41.90 


83.85 


335.46 


fgftlBPifjTo [sec] 


0.65 


0.74 


0.82 


0.90 


1.97 



[0 0 6 1 ] -eo3ti ■ftom-fiSti. 3-*5t (1) , 

(2} a>ibfH|tLT*ftrt:'b<0-Cfe« o 
^^itj^^-Jhlli^ ( 1 iE^Siiligt 2 0 0 0 W_tu Hrfife 
Hfm&2 5 6SS) ©2 9;%it^ttLf: 0 

Bll»J:Bfc#<-*-a 256~4096i 

[0 0 6 2] *i©tt*a»e>91&j&»*J:5K, *3§8JK 
iSi^rofJtaSli^iit^, 2 5 emmx-tei 6 
ffif, 4 0 9 6 mmr-am noftti?. PgIl*fc<oi#in 

[0 0 6 3] &*S, JtfSroHlfe^-Cli, PgP$C£2s 

^ h &ffitz-tm>hcomm ti-z>„ mytmrnro 
(2) izx <ostw£tiz>„ 

[0 0 6 4] 117S, *36^lcJ;5»36}WPJJtBB3* 

7 -C-Kib anisic, *^^<c:*3^-C!±pg^ 
[0 0 6 5] Sfc^iKMv^, ^s-^^-r 5 

■JXDfflm (Tab: Tbc: ) Ht, JK«K 2 <©«¥tfc 
ftJH (1 : 2 : : 2 (•-« ) KK5&f 5 r t 

(Tab : Tbc : ) 

= (1:2: : 2*-" ) g n T / ( 2 s -1) 

t^M* Lt/\ £fc, (Tab:Tbc: ) 

n = k (2s - 1) { k 

T'fe5rt^u\ L/!pU ^(if±n = k (2s 
-1) iklilEOlt) T-ft!^tT&n25S#ft-r-5. 

n" iiLfctS, 

n = k (28 -1) { k ttiE03SE*} Sn' 



>-ro|BIPH (Tab : Tbc : ) 3r 

(Tab : Tbc : ) 

= (1:2: : 2 <*-') ) g n t / ( 2 s - 1) 

fit^lc Cn-n' ) fT&SC&Kl&Stf. -«s£ofctf 

(4 ^ =• -ft t u t seal-*, ti j; i \ 

[0 0 6 6] —mt LT, n' = 2000, 2* = 20 
4 8 { g = 1 1 } t L±t§&, &mftn* 
n = k (28 -1) {kt±jEWtt$c} 
= 2047 {k=l} 

(Tab : Tbc : ) 

= (1:2: : 2 li-D ) g n r/ (2« - 1) 

= (1:2: : 1 028) gr 

tMCSt5:tm5. ~cok%. (ri- 
ii' ) =4 8fttf£Zi>^ -^e>i4^$-ff<t LT^S 

[0 0 6 7] £ P 5 K#38l^iC:fc5l<'>T(i, 

> COPbI Pi (Tab: Tbc: ) SrJjft*^ 2 

JtftWI (1 : 2 : : 2 <■-'> ) Hffl±P B ^ 

Hj&sfcVMKIIHKIRitLTfcJ;^,, -tfdirLT, n = 2 0 
00, 5 y^'f Vfcg= 1 l*i Lti^. 

(Tab : Tbc : ) 
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[Problem] To realize multi-gradation exposure at a high speed 
in a multi-gradation exposure method that uses a spatial optical 
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modulation element consisting of pixel portions, which 
alternately take a state of light emission or non-emission 
according to a drive signal, constituting rows and columns to 
be arranged in a two-dimensional matrix shape. 
[Means for Resolution] A spatial optical modulation element 
having pixel portions, which maintain a state of light emission 
or non-emission until a new drive signal is inputted, is used 
as the spatial optical modulation element, all rows of this 
spatial optical modulation element are selectively scanned for 
each of plural time intervals different from each other, a drive 
signal based on image data is inputted in each pixel portion 
in a selected row, selective scanning performed for each of 
the plural time intervals different from^ each other is 
multiplexed on a time basis, and one selected row is decided 
by time division out of the plural rows subjected to this 
multiplex scanning. 
[Claims] 

[Claim 1] A multi-gradation exposure method using a 
two-dimensional matrix type spatial optical modulation element 
in which a spatial optical modulation element including pixel 
portions, which alternately take a state of light emission or 
non-emission according to a drive signal, constituting rows 
and columns being arranged in a two-dimensional matrix shape 
is arranged in an optical path of exposure light, and exposure 
light, an irradiation time of which is controlled for each pixel 
portion by this spatial optical modulation element, is 
irradiated on a photosensitive material to apply 
multi-gradation exposure to the photosensitive material, 
characterized in that 

an element having pixel portions maintaining a state of 



light emission or non-emission until a new drive signal is 
inputted is used as the spatial optical modulation element, 

all rows of the spatial optical modulation element are 
selectively scanned for each of plural time intervals different 
from each other, 

a drive signal based on image data is inputted to each 
pixel portion in a selected row, 

the selective scanning performed for each of the plural 
time intervals different from each other is multiplexed on a 
time basis, and 

one selected row is decided by time division out of the 
plural rows different f romeach other subjected to this multiplex 
scanning . 

[Claim 2] A multi-gradation exposure method using a 
two-dimensional matrix type spatial optical modulation element 
according to claim 1, characterized in that the plural time 

intervals are geometric series of 2, 1:2: :2 (g_1) {g is 

a positive integer}. 

[Claim 3] A multi-gradation exposure method using a 
two-dimensional matrix type spatial optical modulation element 
according to claim 1 or 2, characterized in that, when it is 
assumed that a time of the row selection is x and the number 
of saidplural time intervals is g, the row selection is performed 
at a basic cycle of gt. 

[Claim 4] A multi-gradation exposure method using a 
two-dimensional matrix type spatial optical modulation element 
according to any one of claims 1 to 3, characterized in that 
the pixel portion comprises an optical modulation portion and 
a circuit for inputting a drive signal for each row in the optical 
modulation portion at the time of row selection to update and 



maintain an optical modulation state. 

[Claim 5] A multi-gradation exposure method using a 
two-dimensional matrix type spatial optical modulation element 
according to claim 4, characterized in that the circuit for 
updating and maintaining an optical modulation state is one 
comprising an element including a monocrystal semiconductor. 

[Claim 6] A multi-gradation exposure method using a 
two-dimensional matrix type spatial optical modulation element 
according to claim 4, characterized in that the circuit for 
updating and maintaining an optical modulation state is one 
comprising an element including a mult i -crystal semiconductor . 

[Claim 7] A multi-gradation exposure method using a 
two-dimensional matrix type spatial optical modulation element 
according to claim 4, characterized in that the circuit for 
updating and maintaining an optical modulation state is one 
comprising an element including an amorphous semiconductor. 

[Claim 8] A multi-gradation exposure method using a 
two-dimensional matrix type spatial optical modulation element 
according to any one of claims 1 to 7, characterized in that 
the optical modulation element is one having an optical 
modulation portion including a ferroelectric liquid crystal. 

[Claim 9] A multi-gradation exposure method using a 
two-dimensional matrix type spatial optical modulation element 
according to any one of claims 1 to 7, characterized in that 
the optical modulation element is one having an optical 
modulation portion including a mirror element, a deflection 
angle of which changes according to a drive signal. 

[Claim 10] A multi-gradation exposure method using a 
two-dimensional matrix type spatial optical. modulation element 
according to any one of claims 1 to 7, characterized in that 



the optical modulation element comprises an electroluminescent 
element . 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] The 
present invention relates to a method of exposing a 
multi-gradation image on a photosensitive material, and in 
particular to a multi-gradation exposing method that makes it 
possible to apply multi-gradation exposure to a photosensitive 
material at a high speed using a two-dimensional matrix type 
spatial optical modulation element constituted by a liguid 
crystal element, a mirror element, an electroluminescence 
element, or a light emitting element such as an LED element. 

[0002] 

[Prior Art] 

In recent years, a printer apparatus has been developed 
with various systems, which exposes a photosensitive material, 
for example, a silver salt photosensitive material , anon-silver 
salt optical reaction color development photosensitive 
material, a photo-thermal conversion color development 
sensitive material, or the like, which is modulated based on 
image data, to reproduce an image . One of performances required 
of such a printer apparatus includes increase in an exposure 
speed . 

[0003] 

As a general exposure system, there is known a system 
according to a laser scanning exposure. However, this system 
adopts a point-successive exposure operation and has a 
disadvantage in that an exposure time is long. As a method 
suitable for a higher speed exposure, there is known an exposure 
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system that utilizes a line type optical modulation element 
or a two-dimensional matrix type optical modulation element. 
The former adopts a line-successive exposure operation and is 
capable of performing high speed exposure. The latter adopts 
a surface exposure operation, and a much higher speed exposure 
can be expected with the exposure system. 

The two-dimensional matrix consists of pixel portions, 
which alternately take a state of light emission or non-emission 
according to a drive signal, constituting rows and columns to 
be arranged in a two-dimensional matrix shape. Note that, as 
the two-dimensional matrix type optical modulation element in 
this specification, it is assumed that not only one in which 
a pixel portion is constituted by an element for modulating 
light from another light source such as a liquid crystal element 
or a mirror element but also one in which the pixel portion 
is constituted by an electroluminescence element or a light 
emitting element such as an LED is included. 

[0004] 

As one of spatial optical modulation elements of this 
type, there is known one provided with pixel portions for 
maintaining the above-mentioned light emission or non-emission 
until a new drive signal is inputted. The spatial optical 
modulation element of this type is developed and commercialized 
as a high-definition display element . In part icular , a display 
element of active matrix liquid crystal elements is a 
representative one of the high-definition display element. 

[0005] 

Incidentally, in the spatial optical modulation element 
of this type, it is desired that an area of an element is as 
small as possible in order to increase a light condensing ratio 
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in surface exposure processing. In order to obtain a higher 
definition image, it is necessary to increase the number of 
pixels of an element. However, when an area of an element is 
reduced and the number of pixels is increased, since an area 
of one pixel is naturally reduced, high precision of the element 
is required. 

[0006] 

From such a background, among the aforementioned active 
matrix liquid crystal elements, what is particularly preferable 
from the viewpoint of high integration and high aperture ratio 
is a reflection type active matrix liquid crystal element with 
a structure in which a substrate thereof, and a pixel circuit 
(mainly an MOS-FET) and a peripheral drive circuit (mainly a 
row selection drive circuit and an image signal drive circuit 
in a column) are integrally constituted with a monocrystal 
semiconductor and a voltage is supplied to a liquid crystal 
by providing a reflection electrode in the upper part of the 
pixel circuit. 
[0007] 

On the other hand, among the active matrix liquid crystal 
element, one using a ferroelectric liquid crystal as a liquid 
crystal material is highly expected as an exposure element for 
a printer apparatus due to its high speed responsiveness (a 
response time is in the order of several \is to 100 (xs depending 
on a liquid crystal material, a voltage applied to a liquid 
crystal, temperature, and the like). 

[0008] 

However, the ferroelectric liquid crystal can generally 
take a binary stable state only and an anti-ferroelectric liquid 
crystal can generally take a ternary stable state only. Thus, 



when a liquid crystal consisting of these liquid crystals is 
used as an exposure element for a printer apparatus, only a 
low-gradation image is obtained with exposure by data writing 
of one time. Therefore, data writing and exposure of plural 
times are necessary for reproduction of an image requiring the 
number of gradations of approximately 256, for example, a full 
color image or the like. 
[0009] 

Here, multi-gradation exposure by a two-dimensional 
matrix type optical modulation element using a ferroelectric 
liquid crystal in an optical modulation portion will be described 
in detail. 

[0010] 

Structure of a two-dimensional matrix type optical 
modulation element 

Fig. 1 is a sectional view of a pixel portion of a spatial 
optical modulation element of this type . As shown in the figure, 
an n-MOS-FET 11 and a charge accumulation capacitor Cstg 12 
are formed on a p-type silicon semiconductor substrate 10 of 
a monocrystal. The n-MOS-FET 11 is constituted by an n + type 
drain area 13, a source area 14, a gate oxide film 15, and a 
gate electrode 16 consisting of a poly-Si film. In addition, 
the charge accumulation capacitor Cstg' 12 is constituted by 
a p + area 17, an oxide film 18, and a poly-Si film 19. 

[0011] 

In addition, first layer Al wiring 21 is formed via a 
first interlayer insulating film 20, whereby a source electrode 
22 connected to the source area 4 is formed. The source area 
14 and the poly-Si film 19 of the charge accumulation capacitor 
Cstg 12 are connected by this source electrode 22. Note that 



a drain electrode 23 is connected to the drain area 3 . Moreover, 
a pixel electrode (second layer Al) 25 is formed via a second 
interlayer insulating film 24 and is connected to the source 
electrode 22. 
[0012] 

An orientation film 26 is formed on the pixel electrode 
25. On the other hand, an opposed transparent common electrode 
28 consisting of ITO is formed on one side of an opposed 
transparent substrate 27, and an orientation film 29 is further 
formed on the opposed transparent common electrode 28. The 
above-mentioned two substrates 10 and 27 are arranged such that 
the orientation films 26 and 29, which are made integral with 
the substrates 10 and 27, respectively, are opposed to each 
other, and a ferroelectric liquid crystal 30 is held in a gap 
between them. 

[0013] 

Fig. 2 is an equivalent circuit of the pixel portion of 
the spatial optical modulation element of Fig. 1. As shown 
in the figure, the source electrode 22 of the n-MOS-FET 11, 
one side of the charge accumulation capacitor Cstg 12, and the 
pixel electrode 25 are connected. The other side of the charge 
accumulation capacitor Cstg 12 is connected to a power supply 
ground potential Vss of the electrode . In addition, a capacitor 
Clc is formed by the pixel electrode 25, the orientation films 
26 and 29, the ferroelectric liquid crystal 30, and the opposed 
transparent common electrode 28. 

[0014] 

Here, a gate electrode voltage of the n-MOS-FET 11 is 
assumed to be Vg, a drain electrode voltage is assumed to be 
Vd, a source electrode voltage is assumed to be Vs , and an opposed 
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transparent common electrode voltage is assumed to be Vcom with 
a power supply groundpotential Vss as a reference . In addition, 
a pixel electrode voltage is assumed to be a liquid crystal 
layer voltage Vic with Vcom as a reference. 
[0015] 

Basic operation of a spatial optical modulation element 
Fig . 3 shows a schematic optical modulation optical system 
for explaining a basic operation of a spatial optical modulation 
element. A polarizing beam splitter (PBS) 2 is arranged on 
an opposed transparent substrate side of a spatial optical 
modulation element 1. An S polarized light wave of light from 
a light source 3 is reflected by the PBS 2 and incident in an 
opposed transparent substrate 7 of the spatial optical 
modulation element 1. The incident light is reflected by the 
pixel electrode 25 via a layer of a liquid crystal 30 and incident 
in the PBS 2 passing through the liquid crystal layer again. 
At this point, only a Ppolarized light component of the reflected 
light is transmitted through the PBS 2 and light thereof becomes 
output light. 
[0016] 

In addition, Fig. 4 shows a relationship between a liquid 
crystal layer voltage Vic and a liquid crystal orientation 
position for also explaining the basic operation of the spatial 
optical modulation element . It is assumed that a ferroelectric 
liquid crystal showing bistable orientation is used as a liquid 
crystal . Orientation processing isperf ormed such that a liquid 
crystal orientation direction coincides with an incident 
polarized light axis when the liquid crystal layer voltage Vic 
is -Vies and the liquid crystal orientation direction is in 
a position 45 degrees from the incident polarized light axis 



when the liquid crystal layer voltage Vic is Vies . In addition, 
a liquid crystal material and a liquid crystal layer thickness 
are appropriately adjusted such that desired output light is 
obtained when the liquid crystal orientation direction is in 
the position 45 degrees from the incident polarized light axis. 
[0017] 

Consequently, the output light is turned OFF when the 
liquid crystal layer voltage Vic is -Vies and turned ON when 
it is Vies. 

[0018] 

Next, Fig. 5 shows each voltage of the pixel portion and 
a waveform of output light in the structure described in Figs. 

I to 4.. First, the gate electrode voltage Vg is increased to 
a sufficiently high Vgs such that the n-MOS-FET 11 becomes 
conductive. When, the drain electrode voltage Vd is 
simultaneously set to Vd (on) , the pixel voltage Vs is increased 
to about Vd (on) . Thereafter, even if the gate electrode voltage 
Vg is decreased to a sufficiently low Vgoff such that the 
n-MOS-FET 11 becomes nonconductive , the pixel voltage Vs holds 
about Vd(on) by the charge accumulation capacitor Cstg 12 and 
the liquid crystal layer capacitor Clc. Therefore, the liquid 
crystal layer voltage Vic in this period ( (a) in Fig. 5) equals 
to (vd(on) - Vcom) . 

[0019] 

On the other hand, when the gate electrode voltage Vg 
is increased to be sufficiently high such that the n-MOS-FET 

II becomes conductive and the drain electrode voltage Vd is 
simultaneously set to Vd(off), the pixel voltage Vs drops to 
about Vd(off ) . Thereafter, even if the gate electrode voltage 
Vg is decreased to be sufficiently low such that the n-MOS-FET 
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11 becomes nonconductive, the pixel voltage Vs holds about 
Vd (off) by the charge accumulation capacitor Cstg and the liquid 
crystal layer capacitor Clc. Therefore, the liquid crystal 
voltage Vic in this period ( (h) inFig. 4) equals to about (Vd(off) 
- Vcom) . 

[0020] 

Here, when the opposed common electrode voltage Vcom is 
applied such that Vcom equalsto (Vd(on) + Vd (of f ) ) /2 , the liquid 
crystal layer voltage Vic of each of a) period and (b) period 
is as follows : 

(a) period: Vic = (Vd(on) - Vd(off)}/2 

(b) period: Vic = (Vd(on) - Vd(off)}/2 

In this case, when Vd (on) and Vd (off) are determined such 
that the respective liquid crystal layer voltages Vic of the 
(a) period and the (b) period become Vies or more and -Vies 
or less, respectively, output light can be modulated to be ON 
and OFF, respectively. 
[0021] 

Note that, although the liquid crystal layer voltage Vic 
may be actually asymmetrical in the (a) period and the (b) period 
due to causes such as parasitic capacitance of the n-MOS-FET 
11, since this does not specifically affect the present invention, 
it is assumed that Vic conforms to the above-mentioned 
expression . 

[0022] 

Here, Tr in Fig. 5 indicates an optical response time 
of a ferroelectric liquid crystal. Although this generally 
depends on a liquid crystal material, the liquid crystal layer 
voltage Vic, temperature, and the like, approximately several 
u.s to 100 [is is practically obtained. Time for writing data 
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in a pixel depends on an electric response time required for 
changing the liquid crystal layer voltage Vic to an operation 
voltage Vies (or -Vies) and the above-mentioned opt ical response 
time of a liquid crystal. Although it is necessary to reduce 
both of these times in order to write data at a high speed, 
in particular, the optical response time practically has a limit . 
[0023] 

Two-dimensional matrix drive method of a spatial optical 
modulation element 

Fig . 6 is an equivalent circuit of a two-dimensional matrix 
type spatial optical modulation element. This example is a 
spatial optical modulation element having pixels of m columns 
x n rows, which is constituted by a pixel circuit of m columns 
x n rows, a row selection drive circuit for giving a signal 
to the pixel circuit, and an image signal drive circuit. Image 
data is transferred to the image signal drive circuit, and a 
sequence discussed later is completed by a control signal and 
each drive circuit. Here, gate electrodes of pixels of the 
same row are connected together and are controlled, respectively, 

by row selection signals [Vgl, Vg2, , Vgn] that are outputs 

of the row selection drive circuit. In addition, drain 
electrodes of pixels of the same column are connected together, 
data is supplied to the drain electrodes, respectively, by image 

signals [Vdl, Vd2, , Vdm] that are outputs of the image 

signal drive circuit. 

[0024] 

Note that the pixel circuit of m columns x n rows, the 
row selection drive circuit and the image signal drive circuit 
shown in the equivalent circuit of Fig. 6 are formed on an 
identical silicon substrate. 
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[0025] 

Fig. 7 is a timing chart showing a driving method of the 
two-dimensional matrix type spatial optical modulation element 
in the circuit of Fig. 6. A writing sequence of an image signal 
for one screen will be hereinafter described. 

[0026] 

a) An image signal to be written in pixels of a first 

row is supplied from the output [Vdl, Vd2, , Vdm] of the 

image signal drive circuit. Next, only Vgl that is a row 
selection signal of the first row is turned into Vgon with which 
MOS-FET becomes conductive and the other row selection signals 
are turned into Vgof f with which MOS-FET becomes nonconduct ive . 
At this point, an image signal voltage is applied to each of 
the pixel electrodes of the first row. Thereafter, even if 
Vgl is turned into Vgof f with which MOS-FET becomes nonconductive, 
a voltage of a pixel electrode changes little and is maintained. 
Output light responds as shown in Fig. 5 in accordance with 
this pixel voltage. In this way, image signal writing of the 
pixels of the first row is performed. A writing time for this 
first row is assumed to be x. 

[0027] 

b) Writing of image signals is performed in the same 
sequence for the second and subsequent rows, and when writing 
of an image signal for the n-th row- is finished, writing of 
image signals for one screen is finished. Therefore, a writing 
time Tf of image signals for one screen (n rows) is n x t. 

[0028] 

Description of an exposure system 

Fig. 8 shows an exposure system of a photosensitive 
material that uses the above-described reflection type 
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two-dimensional matrix type optical modulation element. 
[0029] 

First, light from the light source 3 is condensed by a 
condensing lens 4 and incident in the PBS 2. An S polarized 
light of this light is reflected by the PBS 2 and incident on 
the opposed transparent substrate side of the two-dimensional 
matrix type spatial optical modulation element 1 . The incident 
light is reflected by the pixel electrode via the liquid crystal 
layer and incident in the PBS 2 passing through the liquid crystal 
layer again. In this case, only a P polarized light of the 
reflected light is transmitted through the PBS 2 as an output 
light and focused on a photosensitive material 7 by a proj ection 
lens 6. A two-dimensional distribution of amount of light 
focused on the photosensitive material 7 conforms to the image 
signal written in the two-dimensional matrix type spatial 
optical modulation element 1 by an image signal generation device 
8. That is, as shown in the aforementioned Fig. 5, when Vd(on) 
is written in a pixel voltage, an amount of light of the 
photosensitive material 7 of that part becomes ON, and when 
Vd(off) is written in a pixel voltage, an amount of light of 
the photosensitive material 7 in that part becomes OFF. 

[0030] 

Fig. 9 is a sequence of exposure with respect to the 
photosensitivematerial 7 . First, an optical shutter 5 arranged 
behind the condensing lens 4 is closed. While the optical 
shutter 5 is- closed, the photosensitive material 7 is conveyed 
to a focusing surface of the projection lens 6 and fixed. At 
the same time, a signal of Vd(off) is written in all pixels 
of the two-dimensional matrix type spatial optical modulation 
element 1 by the image signal generation device 8. Thereafter, 
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the optical shutter 5 is opened. An output light at this point 
is OFF on the entire surface. 
[0031] 

In this state, the image data signal (Vd(on) orVd(off)) 
is written in the two-dimensional matrix type spatial optical 
modulation element 1 in order from the first row by the image 
signal generation device 8. Output light is seguentially 
outputted in accordance with the image signal and exposes the 
photosensitive material 7. A writing time from the first row 
to the last n-th row is nx. After an image signal is written 
in the last n-th row, a signal of Vd(off) is written from the 
first row again in order to make an output light OFF. When 
a signal of Vd(off) is written in the last n-th row, a period 
for exposing the photosensitive material 7 ends. Thereafter, 
the optical shutter 5 is closed, and conveyance and fixing of 
the next photosensitive material 7 are performed. 

[0032] 

According to the above-mentioned exposure sequence, an 
exposure time Te for the photosensitive material 7 is nx when 
the image signal written in each pixel is ON, and is zero when 
the image signal is OFF. In addition, a time T 0 required for 
this exposure is 2nx. 

[0033] 

That is, when a writing time for one row is assumed to 
be x, the time T 0 required for performing exposure of an image 
of n rows and two gradations is 2nx, and the exposure time Te 
for the photosensitive material 7 at this point is nx . Here, 
although a stabilizing time at the time of opening and closing 
the shutter is added to the exposure period To, the stabilizing 
time can be neglected because it is extremely small compared 



with nx. 

[0034] 

Description of multi-gradation exposure 
Fig . 10 is an explanatory view of timing of a row selection 
signal and a scan timing line for explaining multi-gradation 
exposure. The horizontal axis is a time axis, and the vertical 

axis indicates row selection signals (Vgl, Vg2, , Vgn 

in order from the above) . In this figure , a solid line indicates 
a scan timing line (image data writing) , which is encoded timing 
of an image data writing row to be selected by the row selection 
signals. In addition, a broken line indicates a scan timing 
line (OFF writing) , which is encoded timing of an OFF writing 
row to be selected by the row selection signals. 
[0035] 

As a method of using the aforementioned binary optical 
modulation element to realize multi-gradation exposure, there 
is known multi-gradation exposure by changing an exposure time . 
Fig. 11 is a timing chart of writing scan according to the 
representative multi-gradation exposure method. In this 
figure, exposure timing of eight gradations is shown. Scanning 
for writing image data from the first line to the last n-th 
line in a row-sequential manner is repeated seven times in a 
row. In scanning of the last eighth time, OFF is written. 

[0036] 

Since a time for one scanning is nx, the exposure period 
T 0 by a series of sequence is 8nx. In Fig. 12, an example of 
output light according to the multi-gradation exposure method 
of Fig. 11 is shown. Note that, in this figure, an example 
of the first row is shown. 

[0037] 
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In an example of gradation [0], OFF is written in all 
scanning from the first time to the seventh time. As a result, 
all the output light becomes OFF, and an exposure time for a 
photosensitive material becomes zero. In an example of 
gradation [5], ON is written in all scanning from the first 
time to the fifth time, and OFF is written in scanning from 
the sixth time and the seventh time. As a result, an exposure 
time of output light for a photosensitive material becomes 5nx. 
In an example of gradation [7], ON is written in all scanning 
from the first time to the seventh time . Asaresult, an exposure 
time of output light for a photosensitive material becomes 7nx. 
In this way, a gradation level and an exposure time for a 
photosensitive material are proportionate to each other, and 
multi-gradation exposure can be performed. 

[0038] 

[Problems that the Invention is to Solve] 
However, in such a multi-gradation exposure system, there 
is a problem in that the exposure period To becomes extremely 
long in accordance with the increase in the number of gradations . 
That is, when the number of gradations is assumed to 2 g (g=l, 

2, 3, ), the exposure period T 0 is represented by the 

following expression: 

T 0 = 2 9 nx [sec] (1) 

And the exposure period T 0 becomes extremely long in 
accordance with the increase in the number of gradations . Such 
a multi-gradation exposure system is not appropriate for the 
system requiring a high-speed exposure. 

[0039] 

The present invention has been devised in view of the 
above-mentioned circumstances, and it is an object of thepresent 



invention to provide a multi-gradation exposure method using 
a two-dimensional matrix type spatial optical modulation 
element, which can apply multi-gradation exposure to a 
photosensitive material at a high speed. 
[0040] 

[Means for Solving the Problems] 

The multi-gradation exposure method using the 
two-dimensional matrix type spatial optical modulation element 
according to the present invention is a multi-gradation exposure 
method using a two-dimensional matrix type spatial optical 
modulation element in which a spatial optical modulation element 
consisting of pixel portions, which alternately take a state 
of light emission or non-emission according to a drive signal, 
constituting rows and columns to be arranged in a two-dimensional 
matrix shape are arranged in an optical path of exposure light, 
and exposure light, an irradiation time of which is controlled 
for each pixel portion by this spatial optical modulation element , 
is irradiated on a photosensitive material to apply 
multi-gradation exposure to the photosensitive material, the 
multi-gradation exposure method being characterized in that 
an element having pixel portions for maintaining a state of 
light emission or non-emission until a new drive signal is 
inputted is used as the spatial optical modulation element, 
all rows of this spatial optical modulation element are 
selectively scanned for each of plural time intervals different 
from each other, a drive signal based on image data is inputted 
in each pixel portion in a selected row, the selective scanning 
performed for each of the plural time intervals different from 
each other is multiplexed on a time basis, and one selected 
row is decided by time division out of the plural rows different 
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from each other subjected to this multiplex scanning. 
[0041] 

Note that it is desirable that the above-mentioned plural 

time intervals are geometric series of 2, 1:2: :2 (g_1) 

{g is a positive integer}. 

[0042] 

In addition, when it is assumed that a time of the 
above-mentioned row selection is x and the number of the 
above-mentioned plural time intervals is g, a basic cycle of 
the row selection is desirably gx . 

[0043] 

On the other hand, as the two-dimensional matrix type 
spatial optical modulation element, it is desirable that the 
pixel portion is constituted by an optical modulation portion 
and a circuit for inputting a drive signal for each row in the 
above-mentioned optical modulation portion at the time of row 
selection to update and maintain an optical modulation state. 

[0044] 

In such a case, as the circuit for updating and maintaining 
an optical modulation state, one constituted by an element 
including a monocrystal semiconductor, one constituted by an 
element including a multi-crystal semiconductor, or one 
constituted by an element including amorphous semiconductor 
can be used preferably. 

[0045] 

In addition, as the optical modulation element, one having 
an optical modulation portion consisting of a ferroelectric 
liquid crystal, one having an optical modulation portion 
consisting of a mirror element, a deflection angle of which 
changes according to a drive signal, and one consisting of an 
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electroluminescent element can be used preferably. 
[0046] 

[Effect of the Invention] 

In the method of the present invention, since all the 
rows of the spatial optical modulation element are adapted to 
be selectively scanned for each of the plural time intervals 
different from each other, the number of gradations can be 
increased markedly by combining the plural intervals of 
selective scanning even if the number of times of scanning is 
few. Moreover, since the plural selective scanning is 
multiplexed on a time basis and writing of image data is performed 
according to row selection by time division of the multiplexed 
selective scanning, the entire exposure time can be reduced 
significantly. 

[0047] 

[Embodiments of the Invention] 

Embodiments of the present invention will be hereinafter 
described in detail with reference to the drawings. Fig. 13 
is a timing chart of writing scan in a multi-gradation exposure 
method according to one embodiment of the present invention. 
Note that, in this figure, exposure timing of eight gradations 
is shown. 

[0048] 

Here, as a spatial optical modulation element, a drive 
circuit therefor, and an exposure system, for example, one as 
shown in Fig. 1, one as shown in Fig. 6, and one as shown in 
Fig. 8 can be utilized, respectively. 

[0049] 

In Fig. 13, solid slant lines (a) , (b) and (c) are scan 
timing line for writing image data, and a broken slant line 



(a) is scan timing line for writing OFF. Although each scan 
timing line is scanned for each line in order from the first 
line, scanning is started in the order of writing image data 

(a) -> writing image data (b) — > writing image data (c) —» writing 
OFF (a) . 

[0050] 

Here, when it is assumed that a time interval between 
the solid scan timing line (a) and the solid scan timing line 

(b) is Tab, a time interval between the solid scan timing line 
(b) and the solid scan timing line (c) is Tbc, a time interval 
between the solid scan timing line (c) and the broken scan timing 
line (a) isTca, a ratio of these timing lines is set as Tab : Tcb : Tea 
= 1:2:4. More specifically, the ratio is set as Tab:Tbc:Tca 
= (3/7 )m: (6/7)t: (12/7)nx. In this way, exposure of eight 
gradations ( 2 3 gradations) can be performed by image data writing 
of three times in any row. 

[0051] 

Note that, essentially, writing scan (row selection) for 
plural rows cannot be performed simultaneously. Therefore, 
actually, timing for signals of row selection performed in 
accordance with the scan timing lines (a), (b) and (c) is 
allocated to periods (A) , (B) and (C) , respectively, whereby 
row selection is performed in time division with the periods 
(A) , (B) and (C) in places where the scan timing lines overlap 
each other. 

[0052] 

In addition, Figs. 14 and 15 show a relationship between 
row selection signal timing and a scan timing line at a time 
tl and a time t2 in Fig. 13. At the time tl immediately after 
starting exposure of Fig. 14, writing scan is performed in order 
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from the first row in accordance with the scan timing line (a) . 
However, timing of a row selection signal is only taken in the 
period (A) , thus, a cycle of row selection performed in 
accordance with the scan timing line (a) becomes 3x. No row 
is scanned in the periods (B) and (C) . 
[0053] 

In addition, although the scan timing lines (a) , (b) and 
(c) overlap with each other at the time t2 in Fig. 15, in the 
actual timing of a row selection signal, row selection is 
performed in the period (A) on the scan timing line (a) , row 
selection is performed in the period (B) on the scan timing 
line (b) , and row selection is performed in the period (C) on 
the scan timing line (c) . A cycle of row selection performed 
in accordance with each scan timing line becomes 3x. 

[0054] 

Next, Fig. 16 is an example of output light according 
to the multi-gradation exposure method shown in Fig. 13. In 
this case, since Tab : Tbc : Tea = (3/7) nx: (6/7)x: (12/7)nx (=1:2:4) , 
exposure of 2 3 = 8 gradations can be performed. 

[0055] 

First, an example of the first row will be described. 
At the time of gradation [0], all writing data according to 
the image data writing scan timing line (a), (b) and (c) are 
turned OFF. As a result, all output light is turned OFF, and 
an exposure time for a photosensitive material becomes zero. 
At the time of gradation [5], writing data according to the 
image data writing scan timing lines (a), (b) and (c) are turned 
ON, OFF and ON, respectively. As a result, output light is 
turned ON for the time of Tab + Tea, and an exposure time for 
a photosensitive material becomes (15/7) nx. At the time of 
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gradation [7], all writing data according to the image data 
writing scan timing lines (a), (b) and (c) are turned ON. As 
a result, output light is turned ON for the time of Tab + Tba 
+ Tea, and an exposure time for a photosensitive material becomes 
3nx . 

[0056] 

In this way, multi-gradation exposure in which a gradation 
level and an exposure time for a photosensitive material are 
proportionate to each other can be performed. In addition, 
multi-gradation exposure in which a gradation level and an 
exposure time for a photosensitive material are proportionate 
to each other for the n-th row as for the first row can be 
performed. 

[0057] 

As described above, according to the present invention, 
the exposure period T 0 of eight gradations becomes 6nt, and 
exposure can be performed at a speed higher than the exposure 
period 8nx of the aforementioned conventional method. 

[0058] 

Here, according to the multi-gradation exposure method 
of the present invention, an effect of high-speed exposure 
becomes remarkable compared with the conventional method as 
the number of gradations increases. This point will be 
hereinafter described in detail . Now, the number of gradations 
is assumed to be 2 g . Then, according to the present invention, 
the number of image data writing scan timing lines is g, and 
a ratio of interval of each scan timing line becomes 1:2:4: 

: 2 {g_1) [g is a positive integer] . In addition, a cycle 

of row selection performed in accordance with each scan timing 
line becomes gx. Thus, the exposure period T 0 at the time when 
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the number of gradations is 2 9 is represented by the following 
expression : 
[0059] 

T 0 = 2gnx [sec] (2) 

Exposure periods T 0 according to the present invention 
and the conventional method will be hereinafter compared 
specifically. Table 1 shows an example of comparison of the 
exposure periods T 0 according to the conventional method and 
the present invention. 

[0060] 



[Table 1] 
[Condition] t = 20 |xs 



Number of rows n 


2040 


2044 


2046 


2047 


4095 


Number of exposure gradations 

2 g 


2 8 =256 


2 9 =512 


2 10 =1024 


2 11 =2048 


2 12 =4096 


Exposure period T 0 according 
to the conventional method 
[sec] 


10.44 


20.93 


41.90 


83.85 


335.46 


Exposure period T 0 according 
to the present invention [sec] 


0.65 


0.74 


0.82 


0.90 


1.97 



[0061] 

Numerical values in this Table 1 are calculated from 
expressions (1) and (2), respectively. A numerical value of 
the condition is set for, in particular, two-dimensional 
exposure of a high-definition stationary image (the number of 
pixels in one side is 2000 or more, and the number of image 
gradations is approximately 256) . In addition, it is necessary 
to set the number of exposure gradations larger than the number 
of gradations of an image taking into account correction of 
a gradation curve, or the like, and the number of exposure 
gradations is set to 256 to 4096. In addition, a writing time 
t for one row is set to 20 (is. 
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[0062] 

As it is evident from the result of Table 1, compared 
with the conventional method, an exposure speed in the case 
of the present invention is 16 times as high in 256 gradations 
and approximately 170 times as high in 4096 gradations. It 
is seen that a remarkable effect is realized in accordance with 
the increase in the number of gradations . 

[0063] 

Note that, although the number of gradations is assumed 
to be 2 g (g is a positive integer) in the above-mentioned 
embodiment, the present invention acts effectively with the 
other numbers of gradations. Now, in the case in which the 
number of gradations is assumed to be h, the number of image 
data writing scan timing lines is assumed to be g (g is a minimum 
integer satisfying the condition 2 g > h) . The exposure period 
T 0 is calculated according to expression (2). 

[0064] 

Fig. 17 shows a relationship between an exposure period 
and the number of gradations according to the present invent ion . 
The exposure period is extremely reduced compared with the 
exposure period according to the conventional method in any 
number of gradations. Note that, as it is evident in Fig. 17, 
the present invention is most effective when the number of 
gradations is 2 g (g is a positive integer) . 

[0065] 

In addition, in the present invention, an interval of 

each scan timing (TabrTbc: ) is desirably set strictly to 

geometric series of 2 (1:2: :2 <9_1) ) and, more specifically, 

desirably (Tab:Tbc: ) = (1:2: :2 (g_1) ) gnt / (2 9 - 1). In 

addition, (TabrTbc: ) needs to be an integer times a basic 
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cycle gx for performing row selection according to time division 
with the plural (g) scan timing lines. Therefore, it is 
desirable that n = k (2 g - 1 ) { k is a positive integer) . However, 
actually, the number of rows n exists in which n is not egual 
to k (2 9 - 1) |k is a positive integer } . As one of solving means 
in this case, when the actual number of rows of an element is 
assumed to be n' , an interval of each scan timing line 

(Tab:Tbc: ) is set to (TabrTbc: ) = (1:2: :2 l9 ~ 1) ) gnx / 

(2 g - 1) with a minimum value of n, which is equal to k (2 g -1) 
{ k is a positive integer} equal to or larger than n' , as the 
imaginary number of rows. In this way, although (n - n' ) rows 
are in excess of the actual number of rows n' of the element, 
this excess rows only have to be scanned as dummy rows. 
[0066] 

As an example, in the case in which n' = 2000 and 2 g = 
2048 {g = 11}, the imaginary row n is assumed to be n = k (2 g 
- 1) { k is a positive integer} = 2047 {k = 1}. Consequently, 

(Tab:Tbc: ) can be strictly set as (Tab:Tbc: ) 

(1:2: :2 (g_1) ) gnx / (2 g - 1) = (1:2: : 102 8) gT. In this case, 

although (n - n' ) =48 rows are in excess, they only have to 
be scanned as dummy rows. 

[0067] 

Moreover, in the present invention, the interval of each 

scan timing line (Tab:Tbc: ) may be set as an interval that 

does not have a problem practically rather than setting it 
strictly as geometric series of 2 . As an example, in the case 
in which it is assumed that n = 2000 and the number of scan 

timing lines g = 11, (Tab:Tbc: ) is set as (Tab:Tbc: ) = 

(1:2:4: : 2 5 6 : 5 1 2 : 97 7 ) . Although the last number of the 

sequence on the right side is not geometric series of 2, since 



series of the sequence on the right side is 2000, (Tab:Tbc: ) 

is an integer times the basic cycle gx of row selection, and 
row selection scanning according to the set interval becomes 
possible. Here, since the last number is 977, forty-seven 
combinations are redundant out of the value of 2 g (= 2048), 
and the final number of gradations is 2 g - 47 = 2001. However, 
even in the case of 2001 gradations, if there is no problem 
practically, the effect of the present invention can be realized 
sufficiently. 
[0068] 

Next, an efficiency of utilizing light according to the 
exposure method of the present invention will be described. 
When n = k (2g - 1) { k is a positive integer}, according to 
the present invention, the exposure period T 0 is equal to 2gnx, 
and the exposure time Te for a photosensitive material Te is 
equal to gnx. Therefore, an efficiency of utilizing light r| 
is represented as T] = (Te / TO) x 100 = 50%, and a sufficient 
efficiency of utilizing light that does not have a problem 
practically can be realized without depending upon the number 
of rows and the number of gradations. 

[0069] 

At the time of a condition in which n is not equal to 
k (2 g - 1) {k is a positive integer}, scanning is performed 
in the imaginary number of rows n' with k as a positive integer 
as described above, and an excessive scanning time for a dummy 
row (n' - n) is required. Therefore, an efficiency of utilizing 
light may decline to 50% or less. However, the decline is small 
and is not a problem practically. 

[0070] 

Note that in the two-dimensional matrix type spatial 
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optical modulation element that can be used in the embodiment 
described above, the circuit for maintaining states of light 
emission and non-emission of a pixel portion (see Fig. 1) is 
constituted by the n-MOS-FET and the accumulation capacitor 
Cstg. However, if no problem occurs in operation without the 
accumulation capacitor Cstg, it is possible to eliminate this 
accumulation capacitor. 
[0071] 

In addition, although the circuit of Fig. 1 is constituted 
by a monocrystal semiconductor, it may be constituted by a 
polycrystal semiconductor as shown in Fig. 18. This pixel 
portion circuit of Fig. 18 consists of an MOS-FET of pixels 
formed on a glass substrate 50 by a poly- Si TFT process. Note 
that, in the figure, reference numeral 51 denotes a gate 
insulating film; 52, interlayer insulating films; 53, a pixel 
electrode (Al); 54, a source electrode; 55, a gate electrode; 
and 56, a drain electrode. 

[0072] 

In addition, as in the example shown in Fig. 19, the pixel 
portion circuit may be constituted by an amorphous semiconductor 
This pixel portion circuit of Fig. 19 consists of an MOS-FET 
of pixels formed on a glass substrate 60 by an a- Si TFT process. 
Note that, in the figure, reference numeral 61 denotes a gate 
insulating film (SiNx); 62, an interlayer insulating film; 63, 
a pixel electrode (Al) ; 64, a source electrode; 65, a gate 
electrode; 66, a drain electrode; and 67, a channel protection 
film (SiNx) . 

[0073] 

In addition, a complex structure may be adopted in which 
a peripheral drive circuit is constituted by a monocrystaal 
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semiconductor and a pixel portion is constituted by apolycrystal 
semiconductor or an amorphous semiconductor. 
[0074] 

As shown in Fig. 20, the circuit for maintaining states 
of light emission or non-emission of the pixel portion may be 
constituted by a binary memory circuit such as an SRAM circuit 
as shown in Fig. 20. In the example of Fig. 20, when data of 
1 or 0 is supplied from data signals Vd and /Vd and, at the 
same time, a pulse enabling data writing in the SRAM is given 
to a row selection signal /WE, the data of 1 or 0 is written 
in the SRAM, and the output voltage Vs is held. The liquid 
crystal performs optical modulation in accordance with the 
written data, and the state is maintained until data of the 
SRAM is renewed anew. 
[0075] 

In addition, as the optical modulation element, one 
provided with a mirror element, whose deflection angle changes 
according to a voltage, may be used. In this element, when 
the written data is 1, the deflection angle of the mirror is 
stabilized in one direction, and light incident vertically is 
reflected at one angle. On the other hand, when the data is 
0, the deflection angle of the mirror is stabilized in the other 
direction, and the light incident vertically is reflected at 
the other angle . In the case in which the two-dimensional matrix 
type optical modulation element constituted by such a mirror 
element is applied to the multi-gradation exposure method of 
the present invention, only one reflected light from the element 
can be focused to expose a photosensitive material as output 
light directly. 

[0076] 
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In addition, as the optical modulation element, one 
provided with a light-emitting element as an optical modulation 
portion may be used. Examples of such a light-emitting element 
include an inorganic thin film EL (electroluminescent) element 
that emits light by an electric field, an organic EL 
(electroluminescent) element serving as a carrier injection 
type light-emitting element that emits light by a current, an 
LED constituted by a compound semiconductor, and the like. In 
the case in which the two-dimensional matrix type optical 
modulation element constituted by such a light-emitting element 
is appliedto themulti-gradationmethod of the present invention, 
light emitted from the element can be focused to expose a 
photosensitive material as output light directly. 
[0077] 

As an example, an equivalent circuit of a pixel portion 
of a two-dimensional matrix type spatial optical modulation 
element having the inorganic thin film EL element that emits 
light by an electric field as an optical modulation portion 
is shown in Fig. 21. In this Fig. 21, reference numeral 70 
denotes a thin film EL; 71, a pixel electrode thereof; and 72, 
an opposed electrode. 

[0078] 

In this circuit, data of 1 or 0 is written in a TR1 of 
a MOS-FET from the data signal Vd according to a selection pulse 
of the row selection signal Vg . The output voltage Vs of the 
TR1 is held at a voltage with which a TR2 of the MOS-FET comes 
into a conduction state sufficiently when the written data is 
1 . The output voltage Vs is held at a voltage with which the 
TR2 comes into a non-conduction state sufficiently when the 
written data is 0. The output voltage Vs of the TR1 is held 
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until new data is written. The think film EL 70 is connected 
to the TR2 in series, one side of the TR2 is connected to the 
ground potential Vss, and the opposed electrode 72 of the thin 
film EL 70 is connected to a common power supply Vac. 
[0079] 

Vac supplies an AC voltage, representatively a voltage 
in the order of 20 kHz , lOOVrms. When the TR2 is in the conduct ion 
state, a voltage Vel between the TR2 and the thin film EL 70 
becomes substantially Vac, and the thin film 70 emits light. 
When the TR2 is in the non-conduction state, the voltage Vel 
between the TR2 and the thin film EL 70 becomes lower than a 
voltage with which the thin film EL 70 emits light, and the 
thin film EL 70 does not emit light. Therefore, the light 
emission is maintained if the data 1 is written, and the light 
emission is not performed any more if the data 0 is written. 

[0080] 

In addition, Fig. 22 is a sectional view of a pixel portion 
of a two-dimensional matrix type spatial optical modulation 
element using a thin film EL. In this example, a pixel circuit 
81 as shown in Fig. 21 is formed on a semiconductor substrate 
80, and a pixel electrode (reflection film of metal such as 
Al) 83 is formed via an interlayer insulating layer 82 . Moreover, 
an insulating layer 8 4 , an EL light-emitting layer ( as an example , 
ZnS:Mn thin film) 85, an insulating layer 86, and an opposed 
transparent electrode (ITO, etc.) 87 are laminated in order 
to form the pixel portion. The common power supply Vac is 
supplied to the opposed transparent electrode 87. Light emitted 
from the EL light-emitting layer 85 is reflected by the pixel 
electrode 83 to finally exit upwards in Fig. 22. 

[0081] 
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Note that it is also possible to combine the 
multi-gradation exposure method of the present invention with 
other gradation exposure method (area gradation, optical 
intensity modulation method, dither method, etc.). 
[Brief Description of the Drawings] 

[Fig. 1] Sectional view of a pixel portion of a spatial 
optical modulation element that can be used in the present 
invention 

[Fig. 2] An equivalent circuit of the pixel portion of 
the above-mentioned spatial optical modulation element 

[Fig. 3] A schematic view showing an optical modulation 
optical system using the above-mentioned spatial optical 
modulation element 

[Fig. 4] An explanatory view showing a relationship 
between a liquid crystal layer voltage and a liquid crystal 
orientation position 

[Fig. 5] A graph showing each voltage and an output light 
waveform of the above-mentioned pixel portion 

[Fig. 6] An equivalent circuit diagram of a 

two-dimensional matrix type spatial optical modulation element 

[Fig. 7] A schematic graph showing a driving method of 
the two-dimensional matrix type spatial optical modulation 
element 

[Fig. 8] A schematic view of an exposure system using 
the spatial optical modulation element 

[Fig. 9] A schematic graph showing an exposure sequence 
for a photosensitive material in a conventional multi-gradation 
exposure method 

[Fig. 10] A schematic graph showing row selection signal 
timing and a scan timing line in the conventional method 



[Fig. 11] A timing chart of write scanning according 
to the conventional multi-gradation exposure method 

[Fig. 12] A schematic graph showing a modulation state 
of output light according to the conventional multi-gradation 
exposure method 

[Fig. 13] A timing chart of scanning in the 
multi-gradation exposure method of the present invention 

[Fig. 14] A schematic graph showing row selection signal 
timing and a scan timing line at one time in Fig. 13 

[Fig. 15] Schematic graphs showing row selection signal 
timing and a scan timing line at another time in Fig. 13 

[Fig. 16] A schematic graph showing a modulation state 
of output light according to the mult i-gradation exposure method 
of the present invention 

[Fig. 17] A graph showing a relationship between an 
exposure period and the number of gradations according to the 
present invention 

[Fig. 18] A sectional view of a pixel port ion const ituted 
by a polycrystal semiconductor 

[Fig. 19] A sectional view of a pixel portion constituted 
by a monocrystal semiconductor 

[Fig. 20] A sectional view of a pixel port ion cons t ituted 
by an SRAM circuit 

[Fig. 21] An equivalent circuit diagram of a pixel 
portion consisting of a thin film EL 

[Fig. 22] A sectional view of a pixel portion consisting 
of a thin film EL 

[Description of Reference Numerals] 
1 Two-dimensional matrix type spatial optical modulation 
element 
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2 PBS 

3 Light source 

4 Condensing lens 

5 Shutter 

6 Projection lens 

7 Photosensitive material 

8 Image signal generation device 

10 p-type silicon semiconductor substrate 

11 n- MOS-FET 

12 Charge accumulation capacitor 

13 Drain area 

14 Source area 

15 Gate oxide film 

16 Gate electrode 

17 p+ area 

18 Oxide film 

19 poly- Si film 

20 First interlayer insulating film 

21 First layer Al wiring 

22 Source electrode 

23 Drain electrode 

24 Second interlayer insulating film 

25 Pixel electrode (second layer Al) 

26 Orientation film 

27 Opposed transparent substrate 

28 Opposed transparent common electrode 

29 Orientation film 

50 Glass substrate 

51 Gate insulting film 

52 Interlayer insulating film 
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53 


Pixel electrode (Al) 


54 


Source electrode 


55 


Gate electrode 


56 


Drain electrode 


60 


Glass substrate 


61 


Gate insulating film (SiNx) 


62 


Interlayer insulating film 


63 


Pixel electrode (Al) 


64 


Source electrode 


65 


Gate electrode 


66 


Drain electrode 


67 


Channel protection film (SiNx) 


70 


Thin film EL 


71 


Pixel electrode 


72 


Opposed electrode 


80 


Semiconductor substrate 


81 


Pixel circuit 


82 


Interlayer insulating layer 


83 


Pixel electrode 


84 


Insulating layer 


8 5 


EL light-emitting layer 


86 


Insulating layer 


87 


Opposed transparent electrode 
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10 SUBSTRATE 

12 CHARGE ACCUMULATION CAPACITOR Cstg 

13 DRAIN AREA 

14 SOURCE AREA 

15 GATE OXIDE FILM 

16 GATE ELECTRODE 

18 OXIDE FILM 

19 poly-Si FILM 

20 FIRST INTERLAYER INSULATING FILM 

21 FIRST LAYER Al 

22 SOURCE ELECTRODE 
2 3 DRAIN ELECTRODE 

2 4 SECOND INTERLAYER INSULATING FILM 
2 5 PIXEL ELECTRODE (SECOND LAYER Al) 

26 ORIENTATION FILM 

27 OPPOSED TRANSPARENT SUBSTRATE 

2 8 OPPOSED TRANSPARENT COMMON ELECTRODE 

2 9 ORIENTATION FILM 

3 0 FERROELECTRIC LIQUID CRYSTAL 

FIG. 3 

1 SPATIAL OPTICAL MODULATION ELEMENT 

3 LIGHT SOURCE 

S POLARIZED LIGHT WAVE 

OPPOSED TRANSPARENT SUBSTRATE SIDE 

OUTPUT LIGHT 

FIG . 4 

INCIDENT POLARIZED LIGHT AXIS 
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FIG. 6 

1 IMAGE DATA 

2 CONTROL SIGNAL 

3 IMAGE SIGNAL DRIVE CIRCUIT 

4 ROW SELECTION DRIVE CIRCUIT 

FIG. 8 

1 REFLECTION TYPE SPATIAL OPTICAL MODULATION ELEMENT 

3 LIGHT SOURCE 

4 CONDENSING LENS 

5 SHUTTER 

6 PROJECTION LENS 

7 PHOTOSENSITIVE MATERIAL 

8 IMAGE SIGNAL GENERATION DEVICE 

FIG. 9 

1. CONVEY PHOTOSENSITIVE MATERIAL 

2. CONVEY FIRST PHOTOSENSITIVE MATERIAL 

3. EXPOSURE PERIOD T 0 = 2nx OR MORE 

4. FIXED PERIOD OF PHOTOSENSITIVE MATERIAL 

5. CONVEY NEXT PHOTOSENSITIVE MATERIAL 

6. SHUTTER 

7. WRITE [OFF ON ENTIRE SURFACE] 

8. WRITE [IMAGE DATA] 

9. WRITE [OFF ON ENTIRE SURFACE] 

10. ROW SELECTION SIGNAL 

11. OUTPUT LIGHT 

12 . PHOTOSENSITIVE MATERIAL EXPOSURE TIME 

13. FIRST ROW PIXEL 
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14. SECOND ROW PIXEL 

15. N-TH ROW PIXEL 

16. OUTPUT LIGHT CONFORMS TO IMAGE DATA 
FIG. 10 

1 ROW SELECTION SIGNAL 

2 WRITE IMAGE DATA 

3 WRITE OFF ON ENTIRE SURFACE 

4 SCAN TIMING LINE (WRITE IMAGE DATA) 

5 SCAN TIMING LINE (WRITE OFF) 

FIG. 11 

1 EXPOSURE PERIOD T 0 = 8nx 

2 SCAN TIMING LINE (WRITE IMAGE DATA) 

3 SCAN TIMING LINE (WRITE OFF) 

FIG. 12 

1 EXAMPLE OF FIRST ROW 

2 GRADATION 

3 EXPOSURE PERIOD T 0 = 8nx 

4 MAXIMUM PHOTOSENSITIVE MATERIAL EXPOSURE TIME T 0 = 7nx 
FIG. 13 

1 EXPOSURE PERIOD T 0 = 6 nx 

2 SCAN TIMING LINE (WRITE IMAGE DATA) 

3 SCAN TIMING LINE (WRITE OFF) 

FIG. 16 

1 EXPOSURE PERIOD T 0 = 6 nx 

2 EXAMPLE OF FIRST ROW 
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3 GRADATION 

4 EXAMPLE OF N-TH ROW 

5 GRADATION 

6 SCAN TIMING LINE (WRITE IMAGE DATA) 

7 SCAN TIMING LINE (WRITE OFF) 

FIG. 17 

EXPOSURE PERIOD T 0 
NUMBER OF GRADATIONS h 

FIG. 18 

50 GLASS SUBSTRATE 

51 GATE INSULATING FILM 

52 INTERLAYER INSULATING FILM 

53 PIXEL ELECTRODE (Al) 

54 SOURCE ELECTRODE 
5 5 GATE ELECTRODE 
56 DRAIN ELECTRODE 

FIG. 19 

60 GLASS SUBSTRATE 

61 GATE INSULATING FILM (SiNx) 

62 INTERLAYER INSULATING FILM 

63 PIXEL ELECTRODE (Al) 

64 SOURCE ELECTRODE 

65 GATE ELECTRODE 

66 DRAIN ELECTRODE 

67 CHANNEL PROTECTION FILM (SiNx) 
FIG. 21 
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COMMON POWER SUPPLY Vac 

FIG. 22 

80 SUBSTRATE 

81 PIXEL CIRCUIT 

82 INTERLAYER INSULATING LAYER 

83 PIXEL ELECTRODE 

84 INSULATING LAYER 

85 EL LIGHT- EMITTING LAYER 

86 INSULATING LAYER 

87 OPPOSED ELECTRODE (TRANSPARENT ELECTRODE) 
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